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ABSTRACT
Diet and exercise are key components to overall health maintenance. Aspects
contributing to weight maintenance include the thermic effect of food (TEF) and total energy
expenditure (TEE), with TEF contributing to upwards of 10% TEE. PURPOSE: The purpose of
this study was to determine the interaction between TEF and exercise on TEE in moderately
active females. METHODS: A sample population was established with the use of a health
history questionnaire (HHQ). Ten active females of normal body composition, determined by
body mass index (BMI) and a dual energy absorptiometry x-ray (DEXA) scan, participated in the
study. Maximal aerobic capacity was determined using the standard Bruce graded exercise
treadmill test. Participants returned for three additional testing sessions, each consisting of a
different feeding protocol combined with 30 minutes of exercise performed at 60% VO2max.
RESULTS: Repeated measures ANOVA indicated a significant time effect for the feeding
protocols (α = .05). Post-hoc analyses indicated significantly greater TEF with high protein
content compared to low and fasted as well as in low protein compared to the fasted condition.
Combined with exercise, TEE was significantly greater under high protein conditions compared
to fasted. No significance was found between the high and low protein conditions combined with
exercise or with the low protein compared to fasted. CONCLUSION: Findings of this study
indicate a relationship between protein content of a meal, TEF, and TEE with moderate-intensity
exercise. High protein meal (45%) consumption potentiated a greater TEF and overall TEE in
comparison to low protein meal (15%) consumption. In relation to exercise and TEE,
significance was only found when comparing high protein meal consumption and exercise to the
fasted state with exercise. Trends for increased TEF with exercise were present for exercise
performed after consumption of a low protein meal compared to the high protein meal and the
fasted state, though not statistically significant. Further research should be conducted examining

chronic exposure to a high protein diet combined with exercise to observe potential increased
interactions longitudinally. Additionally, a broader spectrum of populations should be studied to
better understand protein metabolism and TEE potentiated through TEF and exercise.
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CHAPTER ONE
INTRODUCTION
It is well known that both diet and exercise are key components in overall maintenance of
optimal health. Certain aspects of diet and exercise, however, may actually have a greater impact
on weight maintenance than originally thought. Exercise, in both aerobic and anaerobic forms, is
well known to contribute to overall energy expenditure. The thermic effect of food (TEF),
however, is another component that contributes to total energy expenditure (TEE). TEF has been
recognized as a contributor to energy expenditure due to the increase in metabolic rate induced
after meal ingestion as the body works to break down meal components into utilizable
components (Halton & Hu, 2004). Overall, TEF is said to account for approximately 10% of
total energy expenditure in humans (Welle, 1984). The extent to which metabolic rate is
increased after meal ingestion has been shown to be macronutrient dependent. Given the
composition of a meal [protein to carbohydrate to fat ratio (PRO:CHO:F)], it may likely be more
or less of a contributor to total energy expenditure.
In mixed meal studies, there has been convincing evidence indicating that meals
containing higher protein content potentiate a greater thermic effect when compared to
carbohydrate and fat (Halton & Hu, 2004). A main reason for this difference may be due to the
fact that the body has no storage capacity for protein so it needs to be metabolically broken down
immediately (Halton & Hu, 2004). Reasons for the increased thermic effect of protein are
postulated to consist of the high adenosine triphosphate (ATP) cost of synthesis, the high cost of
urea production, as well as gluconeogenesis (Halton & Hu, 2004).
Although mixed meal studies have been indicative of significant energy expenditure
based on potentiated TEF, many have been conducted using population extremes, such as obese
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compared to non-obese, with no exercise protocol implementation. In particular, populations of
non-lean (obese) individuals have been compared to lean individuals to monitor TEF changes
under normal, resting conditions. While there are some studies that have been conducted using
these population extremes with exercise protocol implementation, there is room for further
research in isolated gender populations as well as non-extreme populations such as normal
weight. That being understood, the purpose of this study was to observe and better understand
the interactions between TEF and exercise intensities based on protein content of a meal in a
moderately active, pre-menopausal, female population. Mixed meals were used, in addition to an
exercise protocol, in order to potentiate maximal TEF and energy expenditure.
Hypotheses
Research:
1. Meals with high protein content will create a greater TEF than lower protein meals
and fasted.
2. Meals with high protein content will create greater TEF with moderate intensity
aerobic exercise as compared to meals with low protein content and fasted.
3. Meals with low protein content will create a greater TEF with moderate intensity
aerobic exercise as compared to fasted.
4. Moderate intensity aerobic exercise performed in the fed state will create a greater
total energy expenditure when compared to moderate intensity aerobic exercise
performed in the fasted state.
The purpose of these hypotheses was to further investigate if there was an interaction between
TEF, exercise protocol, and total energy expenditure based on the protein content of a meal.
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Operational Definitions
Activity level, defined as the amount of structured exercise and the intensity to which that
exercise is completed on a weekly basis. An active activity level, as defined by the American
College of Sports Medicine (ACSM, 2001), consists of habitual physical activity/regular
moderate to vigorous intensity exercise, burning greater than 2,000 kcal∙wk-1, 3-5 d∙wk-1 at an
intensity of 40%-84% heart rate reserve (HRR). Moderate activity level, as defined by ACSM,
consists of sporadic physical activity/no or suboptimal exercise/moderately to mildly
deconditioned, burning 1,500-2,000 kcal∙wk-1, 3-5 d∙wk-1 at an intensity of 40%-59% HRR.
Sedentary activity level, as defined by ACSM, consists of no habitual activity or exercise,
extremely deconditioned, burning 500-1,000 kcal∙wk-1, 3-5 d∙wk-1 at an intensity of less than
20% HRR.
Aerobic exercise, defined as the exercise intensity at which oxygen (O2) uptake is
sufficient to sustain a workload; moderate intensity aerobic exercise, defined as approximately
60-70% VO2max.
Body mass index (BMI), as defined by ACSM, is an assessment of weight relative to
height and is calculated by dividing body weight in kilograms by height in meters squared
(kgm-2).
Energy expenditure, defined as increased ATP utilization above baseline or resting rate.
Fasted state, defined as not having consumed any food or beverage, aside from water,
within the past 12 hours prior to testing (Segal, Presta, & Gutin, 1984; Tai, Castillo, & PiSunyer, 1991; Westerterp, 2004; Kinabo & Durnin, 1990).
Low-protein meal, defined as a meal comprised of 15% protein.
High-protein meal, defined as a meal comprised of 45% protein.
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Normal weight, defined as a BMI of 18.5-24.9 kgm-2 according to the World Health
Organization (WHO).
Maximal oxygen consumption (VO2max) defined as maximum O2 consumed per minute
(Segal, Gutin, Nyman, & Pi-Sunyer, 1985).
Respiratory exchange ratio (RER), defined as the ratio of CO2 to O2 measured from the
mouth and is used in interpreting substrate utilization and heat production (Scott, 2005).
Resting metabolic rate (RMR) defined as oxygen uptake and carbon dioxide expulsion in
the rested state (Reed & Hill, 1996).
Thermic effect of food (TEF), defined as the increase in energy expenditure above
baseline following consumption of a meal (Halton & Hu, 2004). It can be further defined as the
difference in energy expenditure between fed and fasted conditions (Segal & Pi-Sunyer, 1986)
and the energy required for digestion, absorption, and disposal of ingested nutrients (Halton &
Hu, 2004). It can occur in response to such stimuli as meal content (Segal & Pi-Sunyer, 1986)
and is measured by oxygen (O2) uptake and carbon dioxide (CO2) expenditure ratio (Segal,
Presta & Grutin, 1984).
Total energy expenditure (TEE), defined as anaerobic energy expenditure plus aerobic
energy expenditure (Scott, 2005).
Assumptions
1. Based on an overview of the literature, the assumption can be made that protein will
create a greater TEF than its macronutrient counterparts, carbohydrate and fat.
2. Given the moderately active lifestyle and normal weight status of the participants, it
was assumed that insulin regulation should not influence overall TEF and energy expenditure
results.
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3. It was assumed that during maximal VO2 testing, participants gave 100% effort and
performing the exercise to volitional exhaustion.
Delimitations
Given the specificity of the study, results may not be applicable to the general population.
More specifically, results may not be an accurate representation in the male population, in the
athletic or highly active population, in sedentary individuals, in individuals with metabolic
disorder(s), and individuals who have experienced significant weight loss (> 2 kg) in the past 6
months (Segal, Gutin, Nyman, & Pi-Sunyer, 1985). While this list is not all inclusive, it provides
for an idea of those in which the results of this study may not be generalizeable.
Limitations
The phase of the menstrual cycle the participant is in during the given test period may
present as a potential limitation due to hormonal changes and physiological adaptations that may
take place during a given time of the cycle.
Significance of Study
With much of the reviewed literature being based on the outcomes of male populations,
the purpose of this study was to determine the interaction between TEF and TEE based on
protein content of a meal in a moderately active, college-aged, female population. Developing
further understanding of the interactions between these components may be beneficial in
determining how to better potentiate total energy expenditure with diet and exercise
modifications.
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CHAPTER TWO
LITERATURE REVIEW
The thermic effect of food (TEF), as well as the type and intensity of exercise, potentiate
total energy expenditure (TEE). Defined in different ways, TEF of food is said to be the increase
in metabolic rate and energy expenditure above baseline following ingestion of a meal (Kinabo
& Durnin, 1990; Reed & Hill, 1996; Halton & Hu, 2004), the difference in energy expenditure
between fed and fasted conditions (Segal & Pi-Sunyer, 1986), and the energy required for
digestion, absorption, and disposal of ingested nutrients (Halton & Hu, 2004). All of these
definitions make up the overall definition of TEF in that they all may occur as a result of certain
physiologic stimuli, such as meal consumption (Halton & Hu, 2004). TEF is thought to account
for an increase in energy expenditure and approximately 10% of TEE (Welle, 1984; Halton &
Hu, 2004; Stob, Bell, van Baak, & Seals, 2007). As a means of measure, carbon dioxide (CO2)
production and oxygen (O2) uptake ratios (i.e. respiratory exchange ratio [RER]) can be
measured using indirect calorimetry (Hill et al., 1991) and can be used to assess heat production
(Scott, 2005; Segal et al., 1984). This measure of heat production provides for a means of
estimating caloric expenditure at any given intensity as well as at rest. Although arguably the
most important consideration of energy expenditure is the total amount of energy expended
(Buchholz & Schoeller, 2004), multiple aspects of diet and nutrition have been related to overall
TEF and TEE. Thermic effect of food has been shown to be affected by dietary thermogenesis,
feeding type and content, meal size, and meal composition whereas TEE is related to TEF with
the addition of physical activity and RMR.
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Diet Induced Thermogenesis
Variation in potentiation of dietary thermogenesis is a result of the composition of the
meal. With caloric intake, metabolic rate is known to rise. However, the extent to which it rises
is also dependent on macronutrient composition. Pittet, Gygax, and Jéquier (1974) found energy
expenditure to increase 6-8% with consumption of carbohydrate-based meals, 3% with higher fat
meals, and 25-40% with protein-based meals. These increases in energy expenditure were
exhibited in the seven healthy males who participated in the study in which three different meals
were administered; a 50g glucose meal, a 50g meal consisting of a balanced mixture of amino
acids, and a 50g glucose + 50g meal consisting of an amino acid mixture (Pittet et al., 1974).
Prior to consuming either of the meals, the participants fasted for 12 hours. Upon arrival to the
testing facility, the participants rested for one hour, completed a 40-minute metabolic
measurement, and then consumed a test meal; metabolic measurements were again taken for two
and a half hours following meal administration, with the focus being on respiratory quotient
(RQ) and O2 to CO2 concentration ratios. Although all three 200 calorie feeding protocols
resulted in increased energy expenditure, protein was found to cause a greater increase when
compared to carbohydrate. However, the researchers were unable to determine the exact time
point in which increased energy expenditure took place since most metabolic measures were on
the way to reaching their initial value towards the end of the test.
In an effort to determine time points in which dietary thermogenesis occurred, Scott,
Fernandes, and Lehman (2007) conducted an experiment examining: 1) when energy expenditure
began to rise after a feeding, and 2) the difference in onset of TEF between isocaloric (300 kcals)
carbohydrate and protein meals. A total of 18 healthy individuals participated in this study
(males, n = 7; females n = 11). On two different occasions, participants arrived at the testing
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facility, rested for 60-minutes, and then had RMR measured over a 30-minute period, the last 10
minutes of which was averaged into an estimated RMR. Following this measure, participants
randomly received either a high protein (73.8%) or high carbohydrate (88%) liquid meal.
Immediately after consuming the meal, another 30-minute metabolic measure was taken to
identify the onset of TEF. Onset was determined by two consecutive one-minute measures
exceeding five to ten percent of each individual’s RMR. Examined as a five to ten percent
increase in RMR, no significant differences were found in the onset of TEF between the high
protein and high carbohydrate meals. On average, TEF potentiation was found to take
approximately 8 minutes for a 5% rise in energy expenditure and upwards of 14-16 minutes for
a 10% rise in energy expenditure; several participant’s (n = 11) results indicated no increase in
TEF over the 30-minute time period. Although the results of this study were not indicative of the
time exact in which TEF was potentiated, a difference in macronutrient metabolism between
genders was found, with males exhibiting a faster carbohydrate metabolism rate than females.
Further observation of the difference in macronutrient metabolism between subjects needs to
take place to better understand the significant of the differences.
Miller, Mumford, and Stock (1967), found the thermic effect of a meal to occur one hour
after consumption of breakfast meals composed of 370-3,200 calories with 1.8-18.0% of the
calories coming from protein. The thermic effect was calculated based in comparison to each
participant’s baseline fasting RMR; results indicated a thermic response. On average, a
magnitude equivalent to 25% of the fasting heat production by each participant was attained. It
was also found within this study that the larger the meal consumption, the greater the magnitude
of the thermic response and the longer the duration it occurred. Also, activity among the
individuals participating in the study was examined to potentially find an association between
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thermic effect of meals, activity level, and energy expenditure. Results indicated that the thermic
responses increased during normal activity up to twice the resting value when exercising.
Although exercise dose response was not stated, this study provides background evidence that
meals of varying sizes and protein content have the ability to create a thermic effect that is
increased when at rest or during exercise.
Duration of dietary thermogenesis may differ between macronutrient composition as well
as caloric content. Looking to examine nutrient quality and quantity on diet-induced
thermogenesis, Karst, Steiniger, Noack, and Steglich (1984) recruited 12 healthy males to
undergo two, six-hour investigations. Test meals consumed by the participants consisted of one
of three different proteins, one carbohydrate, and two dietary fats. Either dry-frozen egg white or
commercial gelatin and casein, obtained from skimmed curds, were used as the protein source,
corn starch as the carbohydrate, and sunflower oil and butter as the fats. Upon arrival to the
testing facility, participants assumed the seated position and respiratory metabolic measurements
were obtained for two hours. Following the two hours of measurement, participants were given a
meal to consume consisting of various combinations of the previously listed food stuffs; some
meals containing a greater caloric content than others. Metabolic measurements were again taken
via indirect calorimetry and urine collected for an additional six hours post-meal. Results from
these measures indicated that the thermic effect of the carbohydrate reached its peak one hour
after the test meal had been consumed, casein achieved peak values two hours post-meal, and the
thermic effect of the egg protein and gelatin combination continued to increase over a four-hour
time period. All protein thermic response ceased five hours post-meal. Based on these findings, it
was demonstrated that the thermic effect present in normal-weight subjects was dependent on the
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amount of energy, or calories, supplied by the meal. This confirmed the significant thermic
difference between smaller and larger feedings.
Health Implications for Physical Activity
Implications of the study conducted by Pittet et al. (1974) warrant further investigation
taking into account age, activity level, and body composition of individuals on TEF. It is known
that these factors can influence the breakdown of certain food stuffs. It is also known that proper
nutrition is critical in the maintenance of optimal health (CDC, 2011). In addition, exercise is
important in the reduction in risk for development of chronic diseases such as cardiovascular
disease, diabetes, cancer, obesity, hypertension, bone and joint diseases, and depression
(Warburton, Nicol, & Bredin, 2006; CDC, 2011). Exercise has also been established as one
factor that may possibly affect thermogenesis; however, results have not been conclusive
(Westerterp, Wilson, & Rolland, 1999).
Participant Health and Fitness Status
A factor contributing to TEF and TEE that has not been extensively studied includes
body composition of the individual. Segal et al. (1985), compared non-obese (< 15% body fat)
and obese (> 25% body fat) men to examine the relationship between body composition and
thermogenesis with the understanding that body weight, body fat, and lean body mass all
increase with increasing obesity and may have an impact on TEF. None of the men in the study
participated in regular aerobic exercise, but the non-obese individuals participated in regular
strength training programs or in sports of anaerobic nature (e.g. wrestling, power-lifting,
football) (Segal et al., 1985). Maximal oxygen consumption was significantly lower in obese
individuals; however, relative to lean body mass, VO2max was not significantly different among
the two groups. The thermic effect of food during 30 minutes of cycle ergometry was
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significantly greater for the non-obese than the obese men. Both groups exhibited significantly
greater energy expenditure during exercise in the postprandial versus the postabsorptive state.
The peak increase in postprandial metabolic rate during rest occurred significantly later for the
obese individuals than for the non-obese individuals. The correlation between aerobic fitness and
the thermic effect of food was not statistically significant under either the resting or post-exercise
conditions for either group (Segal et al., 1985). Given that the exercise bout was performed from
30 to 60 minutes after the start of the test meal, it is possible that the 3-fold lower thermic
response during exercise for the obese compared with the non-obese men is related to their
delayed response to the meal and potentially to impaired glucose tolerance (Segal et al., 1985).
Therefore, the capacity for thermogenesis in an overly fat population may be blunted more so
than in overweight, but overly muscular, men.
Similarly, Segal et al. (1984) studied the thermic effect of food during incremental cycle
ergometer exercise in non-obese and obese men. In each population, graded exercise tests were
performed after a 12-hour fast and 60 minutes after a 910 calorie mixed meal feeding, on
separate days. Results from the study indicated that VO2max was significantly higher in non-obese
men compared to obese men, relative to body weight. Overall, the thermic effect of food during
exercise was virtually absent in obese men as compared to the non-obese men. Potential
contributors to this impaired thermogenesis may have been the cycling of substrates by the liver
or due to the presence of more adipose tissue than to active skeletal muscle (Segal et al., 1984);
with increased body fat being related to a decreased VO2 capacity and thus decreased
thermogenesis.
A supplementary review conducted by Paddon-Jones and colleagues (2008) contradicts
the perceived viewpoint about a hindered increase in energy expenditure with consumption of a
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higher amount of protein. Instead it provides the viewpoint that the apparent increase in satiety
and thermogenesis associated with consumption of a diet higher in protein may actually result in:
1) reduced energy efficiency of macronutrient consumption, leading to increased dietary
thermogenesis; 2) an overall decrease in caloric consumption; and 3) increased weight loss and
maintenance over time. From this perspective, implications for diet modification, with an
emphasis on increased protein consumption, in combination with an exercise regimen, may
potentiate greater total energy expenditure.
Exercise
Richard and Rivest (1989) introduced an idea of work-induced thermogenesis, which
refers to heat loss associated with the internal processes necessary for the production of external
work, such as exercise. In light to moderate intensity exercise, oxygen uptake remains relatively
level, but as intensity of exercise increases, oxygen uptake also increases (Scott, 2005). The
combination of these components, in addition to meal content and the interactive effects of diet
and exercise on energy expenditure, might suggest additional energy expenditure under training
conditions of differing energy contributions (Scott, 2005; Richard & Rivest, 1989); lower
intensity exercise being related to greater utilization of fat as fuel and higher intensity exercise
being related to greater carbohydrate utilization. Therefore, exercise type and intensity may play
an additive role in increasing the thermic effect of food.
Melanson et al. (2002) put the previous substrate utilization hypotheses to the test when
examining 24-hour energy expenditure and nutrient oxidation in 16 lean, healthy adults, all of
which were moderately active. Preliminary assessments were conducted with the use of indirect
calorimetry. To obtain maximal aerobic capacity, a graded exercise cycling test was conducted.
Resting metabolic rate was also measured via indirect calorimetry with a 15-20 minute
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measuring period following a 12-hour fast and 30 minutes of rest upon arrival to the testing
facility. The experimental protocol consisted of the following: 1) measurement of 24-hour
energy expenditure and substrate oxidation via whole room, indirect calorimetry; 2) an additional
calorimetery day in which no exercise was performed; 3) a calorimetery day in which lowintensity aerobic exercise (40% VO2max) was performed; and 4) a calorimetery day in which
high-intensity aerobic exercise (70% VO2max) was performed. Under conditions in which
exercise was performed at low- or high-intensity, the bout lasted until participants expended
approximately 400 calories. For women, this took anywhere from 66.3 ± 4.0 minutes to 111.9 ±
2.5 minutes during high-intensity and low-intensity protocols, respectively. For men, the
duration lasted anywhere from 49.1 ± 2.2 minutes to 86.1 ± 4.7 minutes during high- and lowintensity protocols, respectively. Original hypotheses suggested the potential for 24-hour energy
expenditure to be greater on the day in which high-intensity exercise was performed and 24-hour
fat oxidation lower with high-intensity exercise. Results indicated absolute 24-hour energy
expenditure to be significantly elevated above the control protocol with both the high- and lowintensity exercise bouts; however, no significant difference was found between the exercising
conditions. As hypothesized, the rate of energy expenditure during exercise was significantly
increased with intensity, but no significant differences were found in post-exercise energy
expenditure among the high- and low-intensity exercise bouts. Gender differences were found in
relation to nutrient oxidation; 24-hour carbohydrate oxidation was significantly higher in men
than in women and fat oxidation occurred at a higher rate among women (24-56%). Given these
results, and the lack of increased energy expenditure following an acute bout of aerobic exercise
when energy cost of exercise was matched, resting energy expenditure was not found to
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significantly change. In addition, carbohydrate was not found to be of greater presence with
regard to oxidation, thus contributing to a greater proportion of the elevated respiratory quotient.
In another study examining postprandial thermogenesis with exercise, Schutz, Bessard,
and Jéquer (1987) recruited 12 healthy women, six obese and six non-obese, to participate in a
multi-part study designed to examine such potential changes. Throughout the duration of this
study, and on the days preceding data collection, participants maintained their usual eating
habits. Ten days prior to participating in the second thermogenesis study, a diet for inducing
weight loss was introduced with protein supplementation which permitted for adequate weight
loss averaging 11.2 kg. During the second part of this study, carbohydrates were slowly
implemented back into the diet. In testing for thermogenesis at rest, individuals underwent basal
energy expenditure measures through the use of a ventilated hood, shortly after waking. They
were then administered a test meal composed of 17% calories derived from protein, 54% derived
from carbohydrate, and 29% derived from fat. A postprandial energy expenditure measure was
conducted for 300 minutes following the feeding. Approximately five hours later, each
participant performed 44 minutes of continuous exercise on a bicycle ergometer at various
workloads. Energy expenditure was measured continuously throughout the exercise bout. A 20minute seated recovery period was given following the exercise bout in which further
expenditure measures were taken, followed by re-administration of a meal and completion of the
exercise protocol. The overall purpose of this repeated measurement format was to examine a
possible influence of a first bout of exercise on the second bout of exercise with energy
expenditure. Results indicated non-significant effects of workload on the thermic response to a
meal; however the ingestion of the meal provoked an elevation in the respiratory quotient.
Although the net increase in energy expenditure induced by the meal while exercising was

14

slightly lower than that obtained in the matched resting period immediately before or at the onset
of exercise, there was sufficient evidence to support that eating provokes an increase in oxygen
consumption. With this understanding, it can be hypothesized that meal consumption combined
with an adequate duration of exercise, at a given intensity, can further potentiate energy
expenditure through dietary thermogenesis.
Segal, Presta, and Gutin (1984) also studied TEF between obese and non-obese men.
However, one of the main differences being the graded exercise bout. Six obese and six nonobese men participated in this study and committed to reporting for testing on two
nonconsecutive mornings following a 12-hour fast. For comparison measures, one of the testing
protocols involved performing a cycle ergometer graded exercise test in the fasted state and then
returning on a separate occasion to perform the same exercise test after consumption of a meal.
The meal consisted of 910 calories comprised of 14% protein, 46% carbohydrate, and 40% fat.
Upon arrival to the laboratory each testing day, RMR measurement was taken for use as a
baseline measurement. On the testing day that did not include consumption of a meal, the RMR
measurement was taken and the exercise bout administered. On the day the participant was to
consume a meal, RMR measurement was taken, the meal consumed, and then the exercise bout
performed. Caloric expenditure was estimated with the use of the VO2 data. Based on these
measures, VO2 at 60 minutes postprandial was significantly higher than the fasted for both
groups. The energy expenditure during submaximal exercise differed between the two groups;
non-obese men expended significantly more energy in the fed state at each power output, but that
was not the case for the obese men. It was also found that although the thermic effect of food
during exercise was significantly different between the two groups, it did not significantly
change across varying exercise intensities among both groups.
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Dietary Thermogenesis and Training
Physiologically, it is important to understand that a large determinant of overall energy
expenditure, over time, can be attributed to training state and potential body composition
changes. Based on previous studies, it has been found that TEF is greater in healthy adults who
habitually exercise than in their sedentary counterparts (Stob et al., 2007). This is thought to be a
result of increased sympathetic nervous system (SNS) activation, ultimately contributing to
greater β-adrenergic receptor stimulation and increased cellular metabolism (Stob et al., 2007).
Therefore, the more active an individual, the greater the potential for SNS activation with a
susequent increase in energy expenditure when combined with the thermic response of a meal
alone.
LeBlanc, Mercier, and Samson (1984) related diet-induced thermogenesis to training
state among females of various fitness levels. One group consisted of individuals who had
participated in competitive events for at least one year, a second group who had exercised at least
three times per week for 60 minutes per day, and a third group of individuals that occasionally
performed moderate activity. All participants completed a VO2max test to volitional fatigue prior
to their first protocol testing session. Upon arrival to the laboratory for their second testing
session, participants relaxed comfortably for 10 minutes and then underwent two, 15-minute
metabolic measurements in which RMR was determined from indirect calorimetry VO2 to VCO2
exchange ratios. The participants were then given an 818 calorie mixed-meal (14.9% protein,
38.5% carbohydrate, and 46.5% fat) to consume, followed by 120 minutes of additional
metabolic measures. Dietary thermogenesis was determined as the difference between the heat
production after meal ingestion and RMR; results indicated a significant difference between the
highly-trained group and the sedentary group one hour after meal consumption. A significantly
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greater elevation in respiratory quotient measures was found among the second and third groups
in comparison to the first; this difference being indicative of the nutrient utilization by each of
the groups based on their trained state. The acute bout Implications from this study can be used
in conducting further research on energy expenditure following a meal in moderately-active
individuals. With increased energy expenditure exhibited from administration of a meal, and
additional energy expenditure exhibited with exercise, it could be hypothesized that acute food
and exercise bouts could potentiate greater overall energy expenditure and may be enhanced with
habitual aerobic endurance exercise (Jones et al., 2004).
Feedings
Feeding protocols have been shown to have an effect on energy expenditure. Recently,
various food sources used in experiments have been examined in an attempt to potentiate a
thermic effect (Welle, 1984). In particular, the role of protein in relationship to TEF has received
considerable attention (Belko, Barbier, & Wong, 2004). Potential reasons for the increased
thermic effect of protein may include increased energy expenditure associated with intestinal
absorption of food stuffs, metabolic effects of hepatic metabolism (Bray, Whipp, & Koyal,
1974), the body having inadequate storage capacity for protein, the energy requirement for
protein synthesis, the high adenosine triphosphate (ATP) cost of peptide synthesis, the high
energy cost of urea, creatine, and other nitrogenous end product production, and gluconeogenesis
(Buchholz & Schoeller, 2004; Halton & Hu, 2004; Johnston, Day, & Swan, 2002). Given this
understanding of the work required for substrate catabolism, it can be hypothesized that greater
energy expenditure may result from consumption of a meal containing a greater proportion of
protein than any other macronutrient.
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In further examination of the catabolism of food stuffs for energy, the first law of
thermodynamics can be taken into consideration; energy is neither created nor destroyed, but is
rather transformed resulting in heat production (Buchholz & Schoeller, 2004). Heat production
from protein was closely examined by Rubner and Atwater (Widdowson, 1955). When looking
at different heat production reactions in macronutrients, Rubner and Atwater found that the heat
of combustion of protein was greater than its caloric value to this body (Widdowson, 1955). This
result being due to the body only being able to oxidize protein into urea, creatinine, uric acid, or
other nitrogenous end-products which are then capable of being further oxidized (Widdowson,
1955), thus being transformed into greater heat production.
Regardless of the apparent findings indicating the potential for greater heat production
and energy expenditure due to the chemical composition of protein, a calorie is equivalent to a
calorie, numerically. The difference in the calorie per macronutrient comes from the ability of
the body to extract all of the calories liberated from the combustion of food stuff (Buchholz &
Schoeller, 2004). In reference to protein, the body is unable to extract all of the calories liberated
from this macronutrient due to active oxidation and excretion of excess amino acids (PaddonJones et al., 2008); therefore, additional energy is expended to account for the above listed
metabolic processes.
Meal Size
It has also been suggested that the size of the meal may impact the thermic response with
an increase in meal size potentiating an increase in basal metabolic rate after exercise (Bray et
al., 1974; Segal & Pi-Sunyer, 1986). The magnitude of the thermic response to protein ingestion
alone has been seen to range from 10-30% (Segal et al., 1985; Leibel, Rosenbaum, & Hirsh,
1995) to upwards of 50-100% (Johnston et al., 2002) higher than that for carbohydrate or fat
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(Belko et al., 2004). While these reports are conflicting, there is an indication that protein
exhibits a greater thermic response than other macronutrients in partial contribution to the
magnitude of the effect of thermic response; meal size is suggested to play a part (Bray et al.,
1974). As meal size increases, thermic response has also been seen to increase and be higher
after exercise than before (Miller et al., 1967). Some studies have suggested that TEF
potentiation by exercise can only be found when meal size exceeds that of 900 calories or when
subjects are overfed at least one day prior to testing (Welle, 1984). Contrary to this belief,
Kaplan and Leveille (1976) found that administration of an 823 calorie high protein meal in
obese and non-obese individuals led to an increase in oxygen consumption in the non-obese
women. The prevalence of this increased oxygen consumption is indicative of increased carbon
dioxide expulsion, ultimately resulting in potentially greater energy expenditure among this
group due to the consumption of the high protein meal, but the opposite resulted in the obese
women. Further research is needed to examine the potential physiological barriers amongst the
obese population leading to decreased potentiation of thermic effect.
Meal Composition
Although meal size is an influential component to dietary thermogenesis as well as
overall energy expenditure, it has also been found that energy content of a meal can have a
significant effect on TEF (Kinabo & Durnin, 1990; Westerterp, 2004). Results from short-term
studies have indicated that protein is superior to carbohydrate in promoting both satiety and
dietary induced thermogenesis (DIT) (Mikkelsen et al., 2000). However, the bioavailability of
the nutrients within a meal may also be influential. Carbohydrates, when consumed, can be
readily broken down for fuel with or without enough oxygen present. Fat can also be catbolized
and used as fuel while at rest or during steady state exercise permitting enough oxygen is
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available. Therefore, further examination of the extent to which energy is expended with
variance in meal composition and bioavailability of the macronutrients comprising the meal is
warranted.
Uses of liquid formulas as well as common meal combinations have been found to
potentiate a dietary thermic effect and lead to an overall increase in oxygen consumption and
metabolic rate (Welle, 1984; Tai, Castillo, & Pi-Sunyer, 1991). More specifically, high-protein
feedings have been found to potentiate a greater TEF in comparison to high-carbohydrate
feedings as well as lead to increased feeling of satiety (Robinson et al., 1990). To observe these
effects, Robinson et al. (1990) utilized a high-protein liquid formula containing 35g of protein,
15g of carbohydrate, and 6g of fat. Isocaloric meals of high-protein content or high-carbohydrate
content were administered hourly and thermic effect observed for nine hours; the nine-hour
measure indicated greater thermic response to high-protein feedings than high-carbohydrate
feedings (Robinson et al., 1990). Similarly, Welle (1984) used a liquid formula composed of 800
calories, 14% of which were protein, 31% fat, and 55% carbohydrate, mainly to observe
increases in metabolic rate, plasma insulin, glucose, and triglyceride concentrations with
intermittent exercise. Results of this study indicated mean resting metabolic rates increased 31%,
30-120 minutes after the meal compared to the resting metabolic rate. At three hours post-meal
consumption, resting metabolic rate was still 24% higher than the basal metabolic rate. The
maintained elevation of these values corresponded to the dietary thermogenesis potentiated by
the meal consumed (Welle, 1984). Evidence is thus provided indicating a thermic response and
overall energy expenditure to a meal composed of as little as 15% protein.
In comparison, common American meal combinations were used in a study conducted by
Johnston et al. (2002) examining the magnitude of thermic response to high protein diets among
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a female population of normal weight, as indicated by BMI normative values. The high-protein
meal consisting of egg substitute, non-fat cheese, whole wheat bread, peanut butter, and 2% milk
and the high-carbohydrate diet consisting of soy milk, Total cereal, grapefruit, English muffin,
and butter. Likewise, Segal et al. (1984) utilized a test meal consisting of an eight ounce glass of
whole milk and two packages of General Mills chocolate Breakfast Squares (14% protein, 46%
carbohydrate, and 40% fat), as well as a graded exercise test, in non-obese and obese men.
Results from these feedings indicated ultimately, no significant thermic effect of food for either
the non-obese of obese group. Mikkelsen et al. (2000) utilized a pork meat protein and a soy
protein to examine a potentiated higher 24-hour TEE in healthy, overweight-to-moderately obese
men in comparison to a carbohydrate diet. Results from this study indicated that substitution of
carbohydrate with 17-18% of energy as either pork-meal or soy protein produced 3% higher 24hour energy expenditure. Two percent higher energy expenditure was found with consumption of
pork-meat in comparison to soy (Mikkelsen et al., 2000).
RMR Measure
The measure of resting metabolic rate (RMR) can be conducted in various ways.
Important factors to take into consideration when conducting RMR tests include: the timing of
meals, the fasting length, foods that should not be consumed within a certain time frame of
testing (e.g. caffeine and alcohol), and the emphasis of minimal to no activity prior to arrival for
metabolic testing. These findings have been found to alter RMR values; therefore, should be
controlled.
Actual RMR measurement procedures vary among studies. Kinabo and Durnin (1990)
measured RMR as a basal metabolic rate (BMR). In doing so, they defined BMR as being the
metabolic rate occurring prior to excessive movement following a fasting state; therefore, it is
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similar to that of the RMR measure. Kinabo and Durnin obtained this measure within 30 minutes
of participant arrival to the testing facility via utilization of a fitted nose clip, mouth piece, and
breathing through a Rudolph low resistance valve. Participants rested in the supine position for
30 minutes and breathed through the mouth piece, with nose clip affixed to nose, for three
minutes to become accustomed to the breathing apparatus (Kinabo & Durnin, 1990). Following
this adaptation period, two 10-minute samples of expired air were collected in Douglas bags and
analyzed for oxygen (O2) consumption and carbon dioxide (CO2) expulsion (Kinabo & Durnin,
1990).
Similarly, Reed and Hill (1996) had participants arrive in the early morning hours after
an overnight fast and then measured their RMR. The methods and duration of measurement,
however, differed from that of Kinabo and Durnin in that Reed and Hill had participants lie
quietly for 45 minutes, after which their RMR was determined for 30 minutes with a ventilated
hood indirect calorimetry system (Swaminathan et al., 1985) instead of a Rudolph low resistance
valve. Participants were allotted 15 minutes to consume a meal consisting of 15% protein and
either a fixed amount (e.g. 4180 kJ and 40% energy from fat) or of an amount tailored to meet
25% of the usual intake of a participant, based on diet records; the overall purpose being to
determine the optimum time it takes to measure TEF (Reed & Hill, 1996). Significant differences
were found between baseline and hourly readings with variation becoming smaller as time
progressed. While analysis of these data strongly indicate continued TEF potentiation past six
hours, it is not to say that measurement of TEF less than six hours is entirely insufficient; it does
suggest, however, important effects could be either masked or misinterpreted if TEF is not
measured at least five hours (Reed & Hill, 1996).
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CHAPTER THREE
METHOD
The purpose of this study was to determine the interaction between TEF and exercise on
TEE based on protein content of a meal in a moderately active, college-aged, female population
in an attempt to determine how to better potentiate total energy expenditure with diet and
exercise.
Participants
Twelve healthy female participants, college-aged, of normal weight range qualified for,
and completed, this study. The women were considered to be moderately active, defined as
burning no less than 500 kcal/wk and no more than 2,000 kcal/wk (Thompson, Gordon, &
Pescatello, 2010), who had not experienced a significant weight gain or loss (≥ 2 kg body
weight) in the last six months (Segal, Gutin, Nyman, & Pi-Sunyer, 1985) and had no history of
metabolic disorders, such as diabetes. Participants reported having a normal menstrual cycle and
were not taking other medications that would affect overall metabolic or physiological
functioning (e.g. thyroid medications, β-blockers, inhalants).
Study design
This study was an experimental, repeated measures design consisting of four different
testing days under various testing conditions.
Instrumentation
Participation was completely voluntary. Signing of informed consent provided clearance
and indicated participant understanding of study protocols as well as any potential for risk in
participating in the study (Appendix 1). The protocol was approved by the Institutional Review
Board at the University of Arkansas, Fayetteville (Appendix 2).
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In addition to informed consent, a health history questionnaire was completed by all
subjects interested in participating in the study (Appendix 3). This questionnaire was designed to
act as a screening tool in the establishment of a sample population for the study. In completing
this questionnaire, potential participants in the study provided their age, background health
history, information regarding general diet and exercise regimens, as well as menstrual cycle
information pertinent to protocols of the study. Those participants who did not meet the criteria
for the study based on information provided via the health history questionnaire were notified.
Height and weight of each participant were measured using a Detecto Physician’s Scale
(Webb City, MO). Body composition was then be assessed via the calculation of body mass
index (BMI) (weight in kg/height in m2). After completion of all protocols, participants also had
a DEXA scan performed for further body composition analysis. Informed consent was obtained
by all (Appendix 4; Appendix 5). Feeding protocols took place in the Human Performance
Laboratory and contained complete food sources of varying macronutrient content (Table 1). In
preparing food for feeding protocols, a food scale was used to weigh all food items to ensure
correct serving sizes of each food source being served at the appropriate time. For initial VO2max
testing, as well as for all subsequent exercise protocol administration to take place throughout the
duration of the study, the Quinton Q-stress 4.0 electrocardiogram (ECG) software and treadmill
(Bothell, WA) were used in junction with the Parvo-Medics TrueMax 2400 metabolic
measurement system (Salt Lake City, UT). In addition to the use of the metabolic measurement
system during exercise protocols, this system was also used in the measurement of resting
metabolic rate (RMR). To account for changes in environmental conditions, equipment was used
in the Human Performance Lab Fitness Laboratory where environmental conditions could be
held more constant.
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Table 1
High Protein Meal Composition
Macronutrient

Protein
powder
(68 g)

Whole milk
(16 oz.)

Greek
yogurt
(225 g)

Fat
Carbohydrate
Protein

3.5g
8g
52g

16g
22g
16g

0g
9g
22.5g

Reducedfat peanut
butter (18
g)
16.5g
7g
4g

Total
(g)

Total
Calories
(kcal)

Total kcal
percentage
(%)

27g
46g
94.5g

243
184
378

30.19%
22.86%
46.96%

Total
(g)

Total
Calories
(kcal)

Total kcal
percentage
(%)

24.25g
114g
32g

218.5
456
128

27.2%
56.84%
15.96%

Low Protein Meal Composition
Macronutrient

Oatmeal
(120g)

2% milk
(20 oz.)

Wheat
bread
(1 slice)

Fat
Carbohydrate
Protein

7.5g
81g
15g

12.5g
16.5g
12g

1g
13g
3g

Reducedfat peanut
butter
(9 g)
3.25g
3.5g
2g
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Procedures
General testing procedures consisted of participants coming in a total of four times over
the course of a 4-week testing period. The first week of testing was used for baseline VO2max
measure. The participants then returned on three other occasions throughout the testing period
and were exposed to various feeding and exercise protocols designed to potentiate an increase in
overall energy expenditure (Figure 1). The baseline VO2max measure was completed before
participants advanced to the randomized tests involving a feeding and exercise protocol. Once an
initial VO2max was established, calculated percentages of this value were used in the
establishment of individualized aerobic intensities to be followed when participants returned for
additional testing. Each participant completed a moderate intensity aerobic exercise (60%
VO2max) protocol following consumption of a designated meal or in the fasted state, depending
upon which protocol was randomly assigned on that given test day.
The first time participants came into the laboratory, they completed the standard Bruce
Treadmill VO2max test (Table 2). Participants were asked to refrain from consuming any alcoholic
or caffeinated beverages 24 hours prior to the initial testing so an accurate VO2max could be
established (Thompson, Gordon, & Pescatello, 2010). Upon arrival to the laboratory, participants
completed an informed consent (Appendix 1). After completing this document, participants were
prepped for the VO2max test. Prepping the participants for the test first consisted of application of
10 electrodes for a 12-lead electrocardiogram (ECG) (V1-V6, an electrode above both the right
and left hips, and an electrode at both the right and left acromioclavicular space) lead attachment.
Before applying the electrodes, participants were wiped down by the technician with alcohol
pads at all locations in which electrodes were placed to ensure a clean surface for adherence and
optimal conduction. Once the participant was wiped down and the locations have dried, the
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Figure 1. Experimental Design
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Table 2
Standard Bruce Treadmill Protocol
Standard Bruce Treadmill Protocol (VO2max Test)
Time Period (min)
Stage
Speed (mph)
0:00-3:00
1
1.7
3:00-6:00
2
2.5
6:00-9:00
3
3.4
9:00-12:00
4
4.2
12:00-15:00
5
5
15:00-18:00
6
5.5
18:00-21:00
7
6

Grade (%)
10
12
14
16
18
20
22
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electrodes were placed at each designated location on the body (Figure 2). It is important to note
that given the participant population was female, V1 and V2 electrodes may have needed to be
placed closer to the second and third intercostals spaces just to the right and left of the sternal
border, respectively, instead of at the fourth intercostals space due to breast tissue. Should any of
the above electrode placements have fallen in a region of breast tissue, the electrode was placed
close to the point beneath or around the breast tissue (Thompson, Gordon, & Pescatello, 2010).
Once all electrodes had been placed, the participant stood on the treadmill and the trained
technician attached the ECG leads to their corresponding electrode. Once the leads were adhered
to the electrodes, the technician ensured adequate and accurate conductivity was taking place at
all electrodes by selecting the electrode conductivity icon within the Quinton Q-stress software.
When all leads registered as ‘good’, indicated by a green light on the computer screen at each
electrode placement, the participant was ready to have the headpiece attached to their head, the
mouthpiece placed in their mouth with the nose clip nearby, and the VO2 hose attached to the
mouthpiece so the test could begin.
For VO2max testing, the standard Bruce Treadmill Protocol was used and conducted using
the Quinton treadmill and ECG software (Bothell, WA). This protocol was pre-programmed into
the software being used by investigators so that the speed or incline of the treadmill would not
need to be manually adjusted as the test progressed through the stages. Since this test was
designed to be a maximal test, blood pressure (BP) and heart rate (HR) were monitored during
the entire test via the ECG as well as by a trained technician (Appendix 6). Prior to the start of
the test, a resting BP and HR were taken by a trained technician. For each stage the participant
was walking, subsequent BP measures were taken. Cessation of the test occurred if there were
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Figure 2. Electrode Placement
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abnormal tendencies on the ECG and/or if the participant indicated they had reached their
maximal physical exertion as indicated with a hand gesture.
Participants were exposed to various feeding protocols throughout the duration of the 4week testing period in addition to an exercise protocol (Figure 1). The meals in which they
received were administered after a 12-hour fast (Thompson, Gordon, & Pescatello, 2010; Miller,
Mumford, & Stock, 1967) in which no food, beverage, alcohol, or caffeine was consumed as this
could have an effect on RMR as well as overall energy expenditure measures (Segal et al., 1984;
Tai et al., 1991; Westerterp, 2004). Upon each arrival to the Human Performance Laboratory on
a day in which a feeding protocol was administered, participants first had their RMR measured.
To complete the RMR measure, participants rested in a seated position for 15 minutes. At the
15-minute mark, the participant was fitted with a mouthpiece attached to a VO2 tube that was
also attached to the metabolic cart. The participant put the mouthpiece in their mouth, nose clip
on their nose, and was instructed to take slow and controlled normal breaths for a 5-minute
period. This allowed for the participant to breathe through the mouthpiece and into the tube in an
attempt to create a more naturally adapted breathing technique. At the 20-minute mark, the
investigator started the RMR test using the software on the metabolic cart. Participants remained
seated in the resting position and continued to breathe normally, through their mouth only, into
the tube for 15 minutes so an RMR could be estimated.
Following the RMR measure, participants were disconnected from the metabolic cart
and given either a high protein meal (45% total calories of meal), a low protein meal (15% total
calories of meal), or no food at all. For the trials in which participants received a feeding
protocol, they consumed the randomly assigned meal over the course of approximately 15
minutes. Following meal consumption, participants again assumed the resting seated position
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and performed very minimal activity (e.g. reading, going to the restroom, listening to music) for
one hour to allow for digestion and a potential rise in energy expenditure. Subsequent metabolic
measures were taken throughout the duration of this 60-minute period; a five minute measure at
the 5-10 minute mark, a five minute measure at the 25-30 minute mark, a five minute measure at
the 40-45 minute mark. Preceding each of these measures, a 5-minute adapted breathing period
was conducted. This allowed for the participants to breathe through the mouthpiece and into the
tube in an attempt to create a more naturally adapted breathing technique. These postprandial
measures were taken to capture potential metabolic increases in energy expenditure following the
meal. Following the 60-minute rest period, another 15-minute RMR measure was conducted
using the same procedures as before. This measurement was conducted to examine the potential
increase in energy expenditure following exercise. After completion of this resting metabolic
measure, participants then completed a 40-minute exercise protocol which included a 5-minute
warm-up and 5-minute cool down period at 50% VO2max and a 30-minute exercise bout at 60%
VO2max. Participants performed the warm-up and exercise bout with the mouthpiece in their
mouth and nose clip on their nose in order for continuous metabolic measures to be taken
throughout the entire exercise bout. The mouthpiece and nose clip were not worn for the cool
down period. Following completion of the exercise protocol, a final 15 minute metabolic
measure was conducted so that changes in total energy expenditure could be observed. For
complete protocol layout, see Figure 1.
For the trials in which the participants did not receive a feeding protocol, the 15-minute
meal consumption period and 60-minute resting period were still undergone as if a meal had
been administered. Participants then proceeded to complete an exercise bout. Following the
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exercise protocol, a 15-minute metabolic measure was again taken so that changes in total energy
expenditure could be observed.
Meal contents varied depending on the feeding protocol in which the participant was
randomly assigned on any given testing day. The high protein feeding consisted of consuming a
shake composed of whole milk, whey protein powder, and Greek yogurt (Table 1). The low
protein feeding consisted of oatmeal made with whole milk (Table 1). Each of these feedings
contained approximately 800 calories and was prepared on site in the Fitness Laboratory. For the
testing days in which individuals performed the exercise protocol in the fasted state, bagels and
fruit were provided for consumption post-testing.
Variables
The independent variables in this study included: (1) a feeding protocol and (2) an
exercise protocol. Within the feeding protocol variable, three levels were examined: (a) high
protein feeding consisting of 45% total kcal from protein, (b) low protein feeding consisting of
15% total kcal from protein, and (c) a fasted state in which no feeding protocol was
administered. Within the exercise protocol, one level was examined: (a) moderate intensity
aerobic exercise (60% VO2max). The dependent variable examined in this study was the change in
energy expenditure between different feeding protocols and exercise.
Data analysis
Data were analyzed using SPSS statistical analysis software (IBM SPSS Statistics,
Version 19). Repeated measures ANOVA analyses were conducted with significance indicated
by an alpha value equal to .05 (α = .05). A Bonferroni post-hoc test was used where significance
was indicated. Type I error rate was controlled for by adapting the significance level to an alpha
value equal to .0167 (α = .0167). In doing so, all three pairwise comparisons were taken into
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account. Boxplot analyses were used to eliminate outliers. Descriptive measures were reported as
means within a specified amount of standard deviation (mean ± SD). Cohen’s d was calculated to
indicate the effect size, or measure difference, between variable comparisons.
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CHAPTER FOUR
RESULTS
Purpose
The purpose of this study was to determine the interaction between TEF and moderateintensity exercise on TEE in moderately active females based on protein content of a meal.
Descriptives
Twelve participants of various activity levels participated in the study with demographic
data reported in Table 3 for the ten participants used in data analysis. Participant recruitment was
conducted by posting flyers with information regarding the study, speaking to undergraduate and
graduate kinesiology and nutrition classes, and hanging flyers at local establishments. A total of
45 individuals responded with interest in participating in the study; however only 16 individuals
qualified to participate. All interested participants reported to the testing facility to complete a
health history questionnaire (Appendix 3) and have height and weight measured. Based on
answers to the health history questionnaire, potential participants were contacted via e-mail
regarding whether or not they qualified for the study. Elimination criteria included such items as
BMI not within normal range, inadequate activity status, lactose intolerance, recent history of an
eating disorder, and/or any food allergies. Individuals that did not qualify were thanked for their
interest. Individuals who qualified for the study were notified and given further information
regarding VO2max testing as well as more detailed instructions about the following three
protocols.
Of the 16 eligible participants, a total of 10 participants were used in data analysis. A
variety of reasons led to the decrease in participant data used for analysis. One participant
withdrew prior to conduction of the VO2max test, three participants withdrew due to schedule
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conflicts, and data for two participants were not used following completion of all testing due to
being statistical outliers or not working at close to their estimated 60% VO2max based on
calculations.
Hypothesis One
The first hypothesis proposed that meals with high protein content would create a greater
TEF than low protein meals. Repeated measures ANOVA was used to examine TEF potentiation
between the three feeding protocols (high protein, low protein, and fasted) (Table 4). There was a
significant time effect for the feeding protocols (F [2,18] = 115.067, p = .000). Post-hoc analysis
was conducted where significance was found using paired samples t-tests. Bonferroni alpha level
adjustments were conducted based on the number of comparisons made to minimize the
likelihood of a type I error; this resulted in an alpha equal to .0167 (α = .0167). The thermic
effect of food was 30.39% greater with the high protein meal compared to the low protein meal
(p = .006), 98.15% greater with the high protein meal compared to the fasted state (p = .000), and
94.34% greater with the low protein meal compared to the fasted state (p = .000) (Table 5).
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Table 3
Descriptive Statistics for All Participants
Measure
Age a
Height b
Weight c
BMI d
LM e
FM e
VO2max f
60% VO2max f

Min
19.0
155.0
48.0
18.5
59.0
22.0
30.0
18.0

Max
24
172
70
25
78
41
49
30

M
21.90
162.90
58.70
21.95
70.20
29.80
40.10
24.10

SD
2.03
5.59
7.75
1.92
5.94
5.94
6.19
3.87

Note. Min = minimum value; Max = maximum value; M = mean; and SD = standard deviation.
a
Measured in years. b Measured in centimeters. c Measured in kilograms. d Measured in
kilograms per meter squared. e Measured in percent. f Measured in milliliters per kilogram per
minute.
Table 4
Repeated Measures ANOVA Summary Table for Thermic Effect of Food
Measure
Time
Error

df
2
18

SS
5.703
.446

MS
2.851
.025

F
115.067

95% CI
[0.12, 0.53]
[0.90, 1.20]
[0.61, 0.84]

d
1.648
7.504
4.363

p
.000

Table 5
Post-Hoc Analysis for Thermic Effect of Food
Measure
TEFH-TEFL
TEFH-TEFF
TEFL-TEFF

n
10
10
10

M (SD)
0.323 (0.196)
1.043 (0.139)
0.720 (0.165)

t
3.592
16.05
14.18

p
.006*
.000*
.000*

Note. TEFH-TEFL = TEF of the high protein meal compared to TEF of the low protein meal;
TEFH-TEFF = TEF of the high protein meal compared to TEF in the fasted state; TEFL – TEFF
= TEF of the low protein meal compared to TEF in the fasted state.
*p < .0167
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Hypotheses two and three
The second hypothesis proposed that meals with high protein content would create
greater TEF with moderate intensity aerobic exercise as compared to meals with low protein
content and fasted. The third hypothesis proposed that meals with low protein content would
create a greater TEF with moderate intensity aerobic exercise when compared to fasting.
Repeated measures ANOVA was used to examine the potential for greater TEF potentiation in a
high protein meal combined with exercise as compared to a meal with low protein meal and the
fasted state with exercise (Table 6). Within subjects significance was found (F [2,18] = 6.039, p
= .010) and post-hoc analysis was conducted where significance was indicated using paired
samples t-tests. The thermic effect of food with a high protein meal and exercise was
significantly greater compared to the fasted state (p = .010) but was not significantly greater
compared to the low protein meal with exercise (p = .122). Additionally, the low protein meal
combined with exercise did not potentiate a significantly greater thermic effect compared to the
fasted state with exercise (p = .094).
Cohen’s d was calculated for measures in which no significance was found to interpret
the overall importance of the results. A small effect size was calculated for the interaction
between a high protein feeding with exercise as compared to a low protein meal with exercise
(d = 0.243) indicating a small interactive effect between the two testing protocols. Small effect
sizes for the high protein meal with exercise compared to the low protein meal with exercise (d =
0.087) and for the low protein meal with exercise compared to the fasted state with exercise (d =
0.149) indicating no real meaningful interactive effect among the testing protocols (Table 7).
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Table 6
Repeated Measures ANOVA Summary Table for Thermic Effect of Food with Exercise
Measure
Time
Error

df
2
18

SS
7.524
11.214

MS
3.762
.623

F
6.039

p
.010

Table 7
Post-Hoc Analysis for Thermic Effect of Food with Exercise
Measure
TEFHe-TEFLe
TEFHe-TEFFe
TEFLe-TEFFe

n
10
10
10

M (SD)
0.458 (5.264)
1.215 (4.993)
0.756 (5.061)

95% CI
[-0.15, 1.10]
[0.37, 2.10]
[-0.16, 1.70]

d
0.087
0.243
0.149

t
1.709
3.266
1.870

p
.122
.010*
.094

Note. TEFHe-TEFLe = TEF of the high protein meal with exercise compared to TEF of the low
protein meal with exercise; TEFHe-TEFFe = TEF of the high protein meal with exercise
compared to TEF in the fasted state with exercise; TEFLe – TEFFe = TEF of the low protein
meal with exercise compared to TEF in the fasted state with exercise.
*p < .0167
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Hypothesis four
The fourth hypothesis proposed that moderate intensity aerobic exercise performed in the
fed state will create greater TEE when compared to moderate intensity aerobic exercise
performed in the fasted state. Repeated measures ANOVA was used to examine energy
expenditure among the high protein feeding during exercise and the low protein feeding with
exercise in comparison to the fasted state with exercise (Table 6). Within subjects significance
was found (F [2,18] = 6.039, p = .010) and post-hoc analysis was conducted where significance
was indicated using paired samples t-tests. Energy expenditure with the high protein meal
combined with exercise was significantly greater than energy expenditure in the fasted state with
exercise (p = .010). No significance in energy expenditure was found with the low protein
feeding with exercise compared to the fasted state with exercise (p = .094) (Table 7).
Summary
Results of all analyses indicate a relationship between protein content of a meal,
moderate-intensity exercise, thermic effect of food, and energy expenditure. In support for the
first hypothesis, the thermic effect of food after consumption of a high protein meal was
significantly greater than after consumption of a low protein meal. In comparing the thermic
effect of food and exercise under high protein meal consumption conditions, as stated by the
second hypothesis, it was found that a greater thermic effect of food occurred in comparison to
the fasted condition with exercise than with the low protein meal and exercise. The third
hypothesis was not supported by the findings of the study due to the thermic effect of food not
being significantly greater in under low protein feeding and exercise conditions as compared to
the fasted state with moderate-intensity exercise. Finally, total energy expenditure under high
protein meal consumption and exercise was not significantly greater than the total energy
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expenditure during fasted conditions and exercise nor was significance found in total energy
expenditure with low protein meal consumption and exercise compared with the fasted state and
exercise.
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CHAPTER FIVE
DISCUSSION
The findings of this study are indicative of a relationship between protein content of a
meal, thermic effect of food, and energy expenditure with moderate-intensity exercise.
Consumption of a high protein meal (45%) was shown to potentiate a greater thermic effect and
overall energy expenditure in comparison to consumption of a low protein meal (15%). In
comparison to the fasted state, both fed states were shown to potentiate a greater thermic effect
thus indicating energy expenditure is greater in the fed state than the fasted state, regardless of
macronutrient composition. With relation to exercise and energy expenditure, significance was
only found when comparing high protein meal consumption and exercise to the fasted state with
exercise. Although not significant, trends for increased thermic effect with exercise were present
for exercise performed after consumption of a low protein meal compared to the high protein
meal as well as the fasted state.
To maintain consistency in protocol duration throughout the entire course of the study, all
protocols were expected to take 3.5 hours to complete in both the fed and fasted states. Variation
in testing session completion time occurred when participants were unable to complete the meal
in the allotted 15-minute period. Many participants were unable to consume either one or both of
the meals in the allotted time; all ten participants took considerably longer to consume the low
protein meal whereas only three participants took longer to consume the high protein meal. Meal
palatability as well as the necessary serving size to be consumed contributed to these variances.
It has been shown that meals containing between 200 and 1,000 kcal gave an average
increase of about 10% over the basal metabolic rate for 6 hours, with a peak value of 25% at 1
hour after beginning of the meal (Segal & Pi-Sunyer, 1986). In the present study, thermic effect
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of food calculation consisted of subtracting the resting metabolic measure from the final
metabolic measure one hour following meal consumption. Based on these calculations, a 30%
increase in energy expenditure was found under high protein conditions, 20% under low protein
conditions, and approximately 0.05% under fasted conditions. For those individuals who took
longer to consume either meal, it is possible that a small window for measurement of metabolic
changes was missed due to the gap between completion of the meal and the time allotted for
metabolic measurement; four metabolic measures were taken within one hour following
completion of the meal. Although not definitive, it is possible that peak thermic effect of food
measures were not captured when participants took upwards of one hour to consume the meals in
their entirety. Additionally, no participant was able to complete each meal in the exact amount of
time as the other which could mean slight variance in the dietary thermogenic window.
A few issues arose throughout the data collection process that may have contributed to
these findings, some of which include the ability for participants to fully consume the meals and
the ability to finish the meals in the allotted time frame. Of the participant data used in the
analyses, only one participant was unable to complete the low protein meal in its entirety and
many were unable to complete both meals in the same amount of time. For the participant that
could not complete the entire low protein meal, only a small amount of the low protein meal was
not consumed. Although a factor to take into consideration in data analysis, none of the
participant’s metabolic measure results were significantly altered by the amount of time it took to
consume either meal. Timing of the meal began with the first bite and ended with the swallowing
of the last bite. All protocol times following meal consumption were adapted accordingly to
allow for the same time amount between measures.
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When examining the exercise component alone with relation to an increase in energy
expenditure, no significance was found. When comparing the high protein meal with the low
protein meal, in combination with exercise, an insignificant 1.23% difference in energy
expenditure was found (p = .595). Similar results were found when comparing the high protein
meal with the fasted state. The increase in energy expenditure above the TEF value during the
exercise bout was 1.47% (p = .455). Finally, when comparing the low protein meal with the
fasted state, during exercise, an insignificant 0.25% difference was found (p = .888).
Conclusively, these results indicate that although an additional increase in energy expenditure
was exhibited with the addition of exercise, the increase was not statistically significant.
Although not a primary focus of this study, another influence on substrate utilization to
take into consideration is body composition. It is known that a greater amount of lean mass often
leads to greater energy expenditure (Segal & Pi-Sunyer, 1986). Participants in this study varied
in lean and fat mass; however, all fell within normal parameters based on BMI calculation.
To better accommodate the variation in activity levels of all participants, a graded
walking protocol was used for the exercise bout. The grade of incline was held constant for each
individual and speed modifications made to match that of each participant’s calculated 60%
VO2max. Although this was a way in which to accommodate for the variation in exercise
capacities among the population, future research should be done examining various modes of
exercise and any impact that mode variation could have on energy expenditure when combined
with a high or low protein feeding.
A proposed limitation of this study was the lack of control for the menstrual cycle phase
or contraceptive use throughout the duration of the protocol. It is known that hormone
fluctuations throughout the menstrual cycle may influence metabolism and aerobic capacity in
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females (Segal & Pi-Sunyer, 1986). However, this study was not designed to examine metabolic
changes with hormonal variation so not controlling for the menstrual cycle or contraceptive use
was not of concern. Furthermore, the exercise bout was not long enough in duration to
significantly impact overall results with regards to hormone fluctuations and exercise on
substrate metabolism. Further research should examine the influence of hormone fluctuations
and substrate utilization at rest and during exercise given various phases of the cycle and/or
contraceptive use.
Conclusions
In support of the proposed hypotheses, an acute high protein meal did exhibit greater
thermic effect potentiation when compared to the fasted state and low protein meal. This is
thought to have occurred due to the inability for protein to be catabolized and used as an
immediate fuel source. In addition, a meal with high protein content in combination with
moderate-intensity exercise was found to potentiate significantly greater energy expenditure in
comparison to the fasted state.
Contrary to the proposed hypotheses, moderate-intensity exercise was not found to have a
significant impact on total energy expenditure or further potentiation of thermic effect of food.
While it has been reported that significant increases in energy expenditure can be found with an
acute feeding accompanied with an exercise bout (Segal & Pi-Sunyer, 1986), the parameters of
this study did not entirely support these findings. Consumption of a high protein meal combined
with exercise as compared to a low protein meal combined with exercise was not found to
potentiate greater energy expenditure. Additionally, no significant increase in energy expenditure
was found when comparing a low protein meal combined with exercise to exercise performed in
the fasted state. Post-hoc analyses for the interactive effect between exercise and TEF
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An important finding of this study was the increased energy expenditure combined with
exercise following meal consumption. Although the feedings were acute in nature and the
exercise only lasted 30 minutes in duration, energy expenditure was found to be greater. In
addition, it was found that an increase in energy expenditure can be potentiated with the
consumption of a higher protein meal in comparison to a lower protein meal. Given this
understanding, important implications can be made for weight loss when taking into
consideration an implementation of a diet and exercise regimen. Further understanding of
interactions between these components may be beneficial in determining how to better potentiate
total energy expenditure among varying populations.
Variation in workout time and exercise intensity could be contributing factors to the lack
of significance presented with exercise implementation in addition to increased dietary
thermogenesis. Performing exercise at a high-intensity has been shown to result in increased
energy expenditure. Therefore, the intensity in which exercise is performed as well as the
duration of the exercise bout should be further examined. For the purposes of this study, only
moderate-intensity exercise was examined. Examining high-intensity exercise in comparison to
moderate-intensity exercise may provide further insight to the extent in energy expenditure is
increased when combined with the increased dietary thermogenesis potentiated when consuming
high protein meals. Additionally, duration of exercise should also be further examined. This
study simply examined the energy expended throughout a 30-minute exercise bout; caloric
expenditure during the warm-up and cool down were not taken into consideration. Implementing
an exercise bout that lasts longer in duration may indicate even greater changes in energy
expenditure.
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Given the specificity of the study, results may not be applicable to the general population.
More specifically, results may not be an accurate representation in the male population, in the
athletic or highly active population, in sedentary individuals, in individuals with metabolic
disorder(s), or in individuals who have experienced significant weight loss (> 2 kg) in the past 6
months (Segal, Gutin, Nyman, & Pi-Sunyer, 1985). While this list is not all inclusive, it provides
for an idea of those in which the results of this study may not be generalizeable.
Future research should look to examine the thermic effect of food on overall energy
expenditure across various population samples as well as in a chronic versus acute conditions.
Implementation of a high protein diet over a longer period of time may indicate a time frame in
which metabolic homeostasis arises and thermic effect of food becomes less influential on
energy expenditure, or vice versa. In addition, examination of potential variation in thermic
effect and energy expenditure in meals containing varying protein forms (e.g. complete proteins
versus supplemental protein) is also a topic of further interest.
Although lengthy in protocol design, the study encompassed and accounted for all details
related to the study. Due to limitations of equipment time and lack of transportation for the
participants, resting metabolic measures could have been more accurate had they been taken
immediately upon waking and/or if the subjects had been breathing in a ventilated hood instead
of with the mouthpiece and nose clip setup. In addition, food and activity records were not kept
for any of the participants throughout the duration of this study. Information was inquired in
relation to these two items upon arrival to the testing facility; however, specific details were not.
Although given specific instructions to follow the day prior to coming in for testing, it is
unknown as to how well the participants followed these guidelines. Should this study again be
repeated, examination of food consumption the day prior to coming in for testing would be
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helpful. In addition, exercise logs for a few days preceding the testing session should also be kept
and used for analysis.
Finally, for the purposes of this study, thermic effect of food with exercise was examined
based on VO2 measures. While VO2 has been shown to be a more sensitive measure in relation to
energy expenditure, additional measures, such as urine nitrogen levels should also be reported
and further examined to gain a better all-encompasing idea of protein content of a meal and the
energy required to decompose this macronutrient.
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Appendix 1: Informed Consent
INFORMED CONSENT
Title: The interaction between the thermic effect of food and varying exercise intensities on total energy
expenditure in moderately active females:
Investigat
ors:

Ashley Binns
Human Performance Laboratory
College of Education and Health Professions
Dept. of Health, Human Performance, and Recreation
155 Stadium Drive - HPER 321
479-575-6762
binns@uark.edu

Ro Windwalker
Research & Sponsored Programs

Compliance Coordinator
University of Arkansas
120 Ozark Hall
Fayetteville, AR 72701
479-575-2208
irb@uark.edu

Description: This study is designed to measure total energy expenditure with diet and exercise
modifications to better understand the interactions between the thermic effect of food (number of calories
expended after a meal) and exercise. This study consists of a total of four testing sessions. Exercise
intensities for these testing sessions will be based on your individual results from maximal oxygen
consumption (VO2max) testing. Height and weight will be measured, and BMI calculated, in a private
setting. Next, you will complete the first testing session. This will consist of coming into the fitness
laboratory in a fasted state (no food for at least 12 hours) and having your resting metabolic rate (RMR)
measured for analysis of caloric expenditure in the rested state. You will then be permitted to leave the
fitness laboratory to eat and will either return later in the day, or on a different day, to complete a VO2max
treadmill test. The remaining three trials will vary in protocol, will be feeding and exercise dependent,
and will occur one week apart from one another. For all trials, you will arrive in a fasted state for RMR
measurement. The three feeding and exercise protocols are as follows: consumption of a high protein
meal (45% total calories) followed by a one hour resting period, a metabolic rate measurement, a 40
minute moderate intensity treadmill protocol, and a final metabolic rate measurement; consumption of a
low protein meal (15% total calories) followed by a one hour resting period, a 40 minute moderate
intensity treadmill protocol, and a final metabolic rate measurement; arrival in a fasted state, RMR
measurement, rest period with metabolic measurement, completion of a 40 minute moderate intensity
treadmill protocol, and a final metabolic rate measurement. All aerobic treadmill exercise (moderate
intensity) will be determined on an individual basis and used accordingly. For trials in which you arrive
and exercise in a fasted state, food will be provided for after. Please see attached for complete description
of procedures.
Risks and Benefits: Although small, there are a few risks associated with these tests. There exists the
possibility of certain changes occurring during the fitness assessments. They include, but are not limited
to, muscle or joint injury, fainting, disorders of the heart beat, and in rare instances heart attack, stroke, or
even death. Every effort will be made to minimize these risks through careful pre-screening and close
observation during the tests. Trained personnel will be available during testing at all times in the event an
unforeseen instance may arise. The results obtained will help identify if certain feeding protocols
combined with certain exercise intensities potentiate greater total energy expenditure.
Voluntary Participation: Participation in the testing protocol is voluntary. You are free to deny or
withdraw from testing at any time if you so desire.
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Confidentiality: You will be assigned a code number and this will be the only information used for
tracking purposes. Your testing information will be accessed only by persons directly involved in the
testing and will be stored in a locking filing cabinet. All information will be kept confidential to the
extent allowed by law and University policy.
Right to Withdraw: You are free to refuse to participate in the study and to withdraw at any time. Your
decision to withdraw will bring no penalty to you.
Informed Consent: I, ____________________________________________, have read the description of
this project, including the purpose of the project, the procedures to be used, the potential risks and side
effects, the confidentiality, as well as the option to withdraw at any time. The investigator has explained
each of these items to me. The investigator has answered all of my questions regarding the project, and I
understand what is involved. My signature below indicates that I freely agree to participate in this project
and that I have received a copy of this agreement if desired from the investigator.
Participant:_____________________________________________________
Date:___________________
Witness:_______________________________________________________
Date:___________________
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Appendix 2: IRB Approval Letter
December 12, 2011
MEMORANDUM
TO:

Ashley Binns
Michelle Gray

FROM:
RE:

Ro Windwalker
IRB Coordinator
New Protocol Approval

IRB Protocol #:

11-11-229

Protocol Title:

The Interaction Between the Thermic Effect of Food and Varying
Exercise Intensities on Total Energy Expenditure in Moderately
Active Females

Review Type:
Approved Project Period:

EXEMPT

EXPEDITED

FULL IRB

Start Date: 12/12/2011 Expiration Date: 12/08/2012

Your protocol has been approved by the IRB. Protocols are approved for a maximum period of
one year. If you wish to continue the project past the approved project period (see above), you
must submit a request, using the form Continuing Review for IRB Approved Projects, prior to the
expiration date. This form is available from the IRB Coordinator or on the Research Compliance
website (http://vpred.uark.edu/210.php). As a courtesy, you will be sent a reminder two months
in advance of that date. However, failure to receive a reminder does not negate your obligation to
make the request in sufficient time for review and approval. Federal regulations prohibit
retroactive approval of continuation. Failure to receive approval to continue the project prior to
the expiration date will result in Termination of the protocol approval. The IRB Coordinator can
give you guidance on submission times.
This protocol has been approved for 30 participants. If you wish to make any modifications
in the approved protocol, including enrolling more than this number, you must seek approval
prior to implementing those changes. All modifications should be requested in writing (email is
acceptable) and must provide sufficient detail to assess the impact of the change.
If you have questions or need any assistance from the IRB, please contact me at 210 Administration
Building, 5-2208, or irb@uark.edu.
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Appendix 3: Health History Questionnaire (HHQ)

Health History Questionnaire

Code #: __________

Please answer the following questions completely and accurately. If the question does
not pertain to you, indicate this on the survey and continue on to the next question. Your
responses to these questions will be kept confidential. Only the researchers will have
access to these data.

a.
b.
c.
d.
e.
f.
g.

Please read the following questions carefully and answer each one honestly. Circle yes
or no.
Has your doctor ever said that you have a heart condition and that you should only do physical
activity recommended by a doctor? Yes
No
Do you feel pain in your chest when you do physical activity?
Yes
No
In the past month, have you had chest pain when you were not doing physical activity? Yes
No
Do you lost your balance because of dizziness or do you ever lost consciousness? Yes No
Do you have a bone or joint problem (for example, back, knee or hip) that could be made worse
by a change in your physical activity?
Yes
No
Is your doctor currently prescribing drugs (for example, water pills) for your blood pressure or
heart condition?
Yes
No
Do you know of any other reason why you should not do physical activity?
Yes
No
Have you ever had, or do you currently have, any of the following conditions? Check yes
or no. If yes, please explain.
Heart Disease
 Yes  No

Heart Attack
Angina (Chest Pain)
Peripheral Artery Disease
Stroke
High Cholesterol (>220)
High Blood Pressure (>140/90)
Diabetes

 Yes  No
 Yes  No
 Yes  No
 Yes  No
 Yes  No
 Yes  No
 Yes  No

Polycystic Ovarian Syndrome (PCOS)
Partial or complete hysterectomy
Hormone Therapy
Leg pain, cramping, or tightness during exercise
Shortness of breath at rest or with mild exertion
Dizziness
Rapid or irregular beating heart

 Yes
 Yes
 Yes
 Yes
 Yes
 Yes
 Yes

 No
 No
 No
 No
 No
 No
 No

Do you currently smoke?
Yes No
If yes, how many cigarettes do you smoke per day?
a)1-10
b) 11-20
c) 21-30
d) 31-40

e) >40

How long have you been smoking? _____
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Have you previously smoked?
Yes
If yes, how long? _____

No

Do you drink alcohol?
Yes No
If yes, how many drinks do you consume per day?
a)1-2
b) 3-4
c) 5+
d) socially, on occasion

Are you currently taking any medications (over the counter and/or prescribed)?
If yes, please list medication and reason prescribed:

Do you have any food allergies?

Yes

Yes No

No

If yes, please list: ______________________________
Are you a vegetarian?

Yes

No

Are you lactose intolerant?

Yes

No

What is your current level of physical activity?
a) inactive
b) recreational
c) very active (no competition)
(competitive)

d) trained

Do you currently perform in any form of endurance activity? Yes

No

If yes:
Frequency (days per week)
Participation
Please list any and all activities:

Duration (min per day)

Length of

Do you currently participate in any form of strengthening activity? Yes
No
Activities:
Frequency
Duration
Length of Participation
Sets _______
Reps _______
Have you recently experienced weight loss or weight gain?
If yes, how much weight? _________

Yes

No

Have you ever been diagnosed with an eating disorder?
If so, how old were you? ______
How long did you have this problem? ______

Yes

No

Do you have a normal menstrual cycle? Yes
No
How many periods have you had in the last year?
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a)
b)
c)

12 or more
9-11
6-8

d) 3-5
e) 1-2
f) 0

In the last two years, has your cycle changed?
a)
b)

Periods have become more frequent
Periods have become less frequent

c) Periods have stopped
d) Cycle has not changed

Are you currently using an oral (or any other form of) contraceptive? Yes
If yes, please list:
To be filled out by experimenter:
Date of Birth: ___________

Height: ___ feet ____ inches

Current Age:_____

No

BMI: ____

Weight:_____
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Appendix 4: DEXA Informed Consent
DEXA INFORMED CONSENT
Title: The interaction between the thermic effect of food and varying exercise intensities on total energy
expenditure in moderately active females
Investigat
ors:

Ashley Binns
Human Performance Laboratory
College of Education and Health Professions
Dept. of Health, Human Performance, and Recreation
155 Stadium Drive - HPER 321
479-575-6762
binns@uark.edu

Ro Windwalker
Research & Sponsored Programs

Compliance Coordinator
University of Arkansas
120 Ozark Hall
Fayetteville, AR 72701
479-575-2208
irb@uark.edu

Description: The purpose of this testing is to determine bone mineral density and body composition in
moderately active females. You will be asked to lie still on the DEXA table while the DEXA machine
moves over you. This painless procedure takes about 5-10 minutes to complete. The amount of radiation
used by the DEXA machine is about one tenth the amount you would receive from a chest x-ray.
Risks and Benefits: Risks associated with the use of the DEXA machine include the following: exposure
to a small amount of ionizing radiation. The amount received during a DEXA test is about the same as
four (4) days of normal background radiation in Northwest Arkansas. If you have an intact uterus and
ovaries and there is a chance you may be pregnant (unprotected intercourse within the last 60 days), you
may not participate in this testing at this time. Radiation may be harmful to a fetus. The results obtained
from this test will help with screening for osteoporosis associated with low bone density levels and other
disease states associated with body composition. Further, the testing allows for further investigation of
caloric expenditure based on lean to non-lean mass ratio.
Voluntary Participation: Participation in the testing protocol is voluntary. You are free to deny or
withdraw from testing at any time if you so desire.
Confidentiality: You will be assigned a code number and this will be the only information used for
tracking purposes. Your testing information will be accessed only by persons directly involved in the
testing and will be stored in a locking filing cabinet. All information will be kept confidential to the
extent allowed by law and University policy.
Right to Withdraw: You are free to refuse to participate in the study and to withdraw at any time. Your
decision to withdraw will bring no penalty to you.
Informed Consent: I, ____________________________________________, have read the description of
this project, including the purpose of the project, the procedures to be used, the potential risks and side
effects, the confidentiality, as well as the option to withdraw at any time. The investigator has explained
each of these items to me. The investigator has answered all of my questions regarding the project, and I
understand what is involved. My signature below indicates that I freely agree to participate in this project
and that I have received a copy of this agreement if desired from the investigator.
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Participant:_____________________________________________________
Date:___________________
Witness:_______________________________________________________
Date:___________________
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Appendix 5: IRB Modification Approval Letter
February 13, 2012
MEMORANDUM
TO:

Ashley Binns
Michelle Gray

FROM:

Ro Windwalker
IRB Coordinator

RE:

PROJECT MODIFICATION

IRB Protocol #:

11-11-229

Protocol Title:

The Interaction Between the Thermic Effect of Food and Varying
Exercise Intensities on Total Energy Expenditure in Moderately
Active Females

Review Type:
Approved Project Period:

EXEMPT

EXPEDITED

FULL IRB

Start Date: 02/13/2012 Expiration Date: 12/08/2012

Your request to modify the referenced protocol has been approved by the IRB. This protocol is
currently approved for 30 total participants. If you wish to make any further modifications in
the approved protocol, including enrolling more than this number, you must seek approval prior
to implementing those changes. All modifications should be requested in writing (email is
acceptable) and must provide sufficient detail to assess the impact of the change.
Please note that this approval does not extend the Approved Project Period. Should you wish to
extend your project beyond the current expiration date, you must submit a request for
continuation using the UAF IRB form “Continuing Review for IRB Approved Projects.” The
request should be sent to the IRB Coordinator, 210 Administration.
For protocols requiring FULL IRB review, please submit your request at least one month prior to
the current expiration date. (High-risk protocols may require even more time for approval.) For
protocols requiring an EXPEDITED or EXEMPT review, submit your request at least two weeks
prior to the current expiration date. Failure to obtain approval for a continuation on or prior to
the currently approved expiration date will result in termination of the protocol and you will be
required to submit a new protocol to the IRB before continuing the project. Data collected past
the protocol expiration date may need to be eliminated from the dataset should you wish to
publish. Only data collected under a currently approved protocol can be certified by the IRB for
any purpose.
If you have questions or need any assistance from the IRB, please contact me at 210 Administration
Building, 5-2208, or irb@uark.edu.

62

Appendix 6: GXT Data Collection Sheet
Name:

Date:

Pre-exercise HR:

Pre-exercise BP:

Reason for Test:

Time

Speed

Grade

Heart Rate

Blood
Pressure

Comments (ectopic beats, etc)

1:00
2:00
3:00
4:00
5:00
6:00
7:00
8:00
9:00
10:00
11:00
12:00
13:00
14:00
15:00
Recovery
2:00
4:00
6:00

Reason for Stopping Test:
Max Time:
Max Speed & Grade:
Max HR:
Max BP:
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Appendix 7: Pre-Testing Guidelines
Due to the high metabolic nature of the upcoming testing sessions, it is important for some
aspects of the study to be as controlled as possible. Below are some guidelines that are important
to follow prior to each of the three upcoming testing sessions. Please read through the list below
and do your very best to follow as accurately as possible.
1.Get a restful night’s sleep.
-at least 8 hrs is preferable
2. Refrain from consuming any food or beverages 12 hours prior to your testing appointment
time.
-example: if you have a 6am appointment, do not consume any food or beverage (other
than water) after 6pm the night before.
3. Refrain from consuming caffeine and/or alcohol at least 12 hours prior to your testing
appointment.
4. Refrain from performing any exercise (especially strenuous) 24 hours prior to each testing
session.
-e.g. cardio (running, rowing, walking, elliptical, bike, swimming, jump rope, spin, group
exercise, etc); strength training (weights, weight machines, body weight exercises, group
exercise, etc)
5. Maintain a regular eating pattern the day prior to your testing session.
6. Minimize the amount of activities you do the morning of the test. The less you do, the better
(e.g. brush teeth/hair, put clothes on, drive to facility, walk to testing appointment).
-although there will be a “rest” period prior to beginning the test, it is important to not
exert yourself prior to the testing session.
7. Upon arrival to the building, take the elevator to the third floor (Human Performance Lab).
8. Feel free to bring a water bottle and light reading materials to each testing session.
-since there will be quite a bit of down time, you are welcome to bring a book,
magazine(s), school work, etc. to read throughout the duration of the testing session.
Some magazines will be provided as well as music.
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Appendix 8: Data Collection Sheets
Trial #:
Time
6:00-6:05am
6:05-6:20am
6:20-6:25am
6:25-6:40am
6:40-6:45am
6:45-7:00am
7:00-7:05am
7:05-7:10am
7:10-7:15am
7:15-7:25pm
7:25-7:30am
7:30-7:35am
7:35-7:45am
7:45-7:50am
7:50-8:00am
8:00-8:05am
8:05-8:20am
8:20-8:30am

participant arrival
rest in seated position (15 minutes)
practice breathing for RMR (5 minutes)
RMR measure (15 minutes) + meal prep
disconnect RMR set-up/prepare meal
meal consumption + clean spit valve
transition to "bed"
practice breathing for RMR (5 minutes)
RMR measure (5-10 minute mark)
rest
mouthpiece in & nose clip
RMR measure (25-30 minute mark)
rest (mouthpiece in & nose-clip)
RMR measure (40-45 minute mark)
rest (noseclip off)
mouthpiece in & nose clip
RMR measure (60-75 mintue mark)
transition to treadmill & restroom break

8:30-8:35am

warm-up at 50% VO2max

8:35-8:40am
8:40-8:45am

begin exercise at 60% VO2max & begin RER measure
continue RER measure (10-15 minute mark)

8:45-8:55am
8:55-9:00am

continue exercise at 60% VO2max + RER measure
continue RER measure (25-30 minute mark)

9:00-9:05am

continue exercise at 60% VO2max + RER measure

9:05-9:10am
9:10-9:15am
9:15-9:30am
9:30am

cool down at 50% VO2max - mouthpiece out/noseclip off
return to seated position + mouthpiece back in
RMR measure
testing complete

Procedure Step

Step Completion
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Appendix 8: Data Collection Sheets
Trial #:
Time
9:00-9:05am
9:05-9:20am
9:20-9:25am
9:25-9:40am
9:40-9:45am
9:45-10:00am
10:00-10:05am
10:05-10:10am
10:10-10:15am
10:15-10:25pm
10:25-10:30am
10:30-10:35am
10:35-10:45am
10:45-10:50am
10:50-11:00am
10:00-11:05am
11:05-11:20am
11:20-11:30am

participant arrival
rest in seated position (15 minutes)
practice breathing for RMR (5 minutes)
RMR measure (15 minutes) + meal prep
disconnect RMR set-up/prepare meal
meal consumption + clean spit valve
transition to "bed"
practice breathing for RMR (5 minutes)
RMR measure (5-10 minute mark)
rest
mouthpiece in & nose clip
RMR measure (25-30 minute mark)
rest (mouthpiece in & nose-clip)
RMR measure (40-45 minute mark)
rest (noseclip off)
mouthpiece in & nose clip
RMR measure (60-75 mintue mark)
transition to treadmill & restroom break

11:30-11:35am

warm-up at 50% VO2max

11:35-11:40am
11:40-11:45am

begin exercise at 60% VO2max & begin RER measure
continue RER measure (10-15 minute mark)

11:45-11:55am
11:55-12:00pm

continue exercise at 60% VO2max + RER measure
continue RER measure (25-30 minute mark)

12:00-12:05pm

continue exercise at 60% VO2max + RER measure

12:05-12:10pm
12:10-12:15pm
12:15-12:30pm
12:30pm

cool down at 50% VO2max - mouthpiece out/noseclip off
return to seated position + mouthpiece back in
RMR measure
testing complete

Procedure Step

Step Completion
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Appendix 8: Data Collection Sheets
Trial #:
Time
5:30-5:35am
5:35-5:50am
5:50-5:55am
5:55-6:10am
6:10-6:15am
6:15-6:30am
6:30-6:35am
6:35-6:40am
6:40-6:45am
6:45-6:55am
6:55-7:00am
7:00-7:05am
7:05-7:15am
7:15-7:20am
7:20-7:30am
7:30-7:35am
7:35-7:50am
7:50-8:00am
8:00-8:05am
8:05-8:10am
8:10-8:15am
8:15-8:25am
8:25-8:30am
8:30-8:35am
8:35-8:40am
8:40-8:45am
8:45-9:00am
9:00am

Procedure Step

Step Completion

participant arrival
rest in seated position (15 minutes)
practice breathing for RMR (5 minutes)
RMR measure (15 minutes) + meal prep
disconnect RMR set-up/prepare meal
meal consumption + clean spit valve
transition to "bed"
practice breathing for RMR (5 minutes)
RMR measure (5-10 minute mark)
rest
mouthpiece in & nose clip
RMR measure (25-30 minute mark)
rest (mouthpiece in & nose-clip)
RMR measure (40-45 minute mark)
rest (noseclip off)
mouthpiece in & nose clip
RMR measure (60-75 mintue mark)
transition to treadmill & restroom break
warm-up at 50% VO2max
begin exercise at 60% VO2max & begin RER measure
continue RER measure (10-15 minute mark)
continue exercise at 60% VO2max + RER measure
continue RER measure (25-30 minute mark)
continue exercise at 60% VO2max + RER measure
cool down at 50% VO2max - mouthpiece out/noseclip off
return to seated position + mouthpiece back in
RMR measure
testing complete
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Appendix 8: Data Collection Sheets
Trial #:
Time
Procedure Step
9:30-9:35am
participant arrival
9:35-9:50am
rest in seated position (15 minutes)
9:50-9:55am
practice breathing for RMR (5 minutes)
9:55-10:10am
RMR measure (15 minutes) + meal prep
10:10-10:15am
disconnect RMR set-up/prepare meal
10:15-10:30am
meal consumption + clean spit valve
10:30-10:35am
transition to "bed"
10:35-10:40am
practice breathing for RMR (5 minutes)
10:40-10:45am
RMR measure (5-10 minute mark)
10:45-10:55am
rest
10:55-10:00am
mouthpiece in & nose clip
11:00-11:05am
RMR measure (25-30 minute mark)
11:05-11:15am
rest (mouthpiece in & nose-clip)
11:15-11:20am
RMR measure (40-45 minute mark)
11:20-11:30am
rest (noseclip off)
11:30-11:35am
mouthpiece in & nose clip
11:35-11:50am
RMR measure (60-75 mintue mark)
11:5012:00pm
transition to treadmill & restroom break
12:0012:05pm
warm-up at 50% VO2max
12:0512:10pm
begin exercise at 60% VO2max & begin RER measure
12:1012:15pm
continue RER measure (10-15 minute mark)
12:1512:25pm
continue exercise at 60% VO2max + RER measure
12:2512:30pm
continue RER measure (25-30 minute mark)
12:3012:35pm
continue exercise at 60% VO2max + RER measure
12:35cool down at 50% VO2max - mouthpiece out/noseclip
12:40pm
off
12:4012:45pm
return to seated position + mouthpiece back in
12:45-1:00pm
RMR measure
1:00pm
testing complete

Step
Completion
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Appendix 8: Data Collection Sheets
Trial #:
Time
5:45-5:50am
5:50-6:05am
6:05-6:10am
6:10-6:25am
6:25-6:30am
6:30-6:45am
6:45-6:50am
6:50-6:55am
6:55-7:00am
7:00-7:10am
7:10-7:15am
7:15-7:20am
7:20-7:30am
7:30-7:35am
7:35-7:45am
7:45-7:50am
7:50-8:05am
8:05-8:15am
8:15-8:20am
8:20-8:25am
8:25-8:30am
8:30-8:40am
8:40-8:45am
8:45-8:50am
8:50-8:55am
8:55-9:00am
9:00-9:15am
9:15am

Procedure Step

Step Completion

participant arrival
rest in seated position (15 minutes)
practice breathing for RMR (5 minutes)
RMR measure (15 minutes) + meal prep
disconnect RMR set-up/prepare meal
meal consumption + clean spit valve
transition to "bed"
practice breathing for RMR (5 minutes)
RMR measure (5-10 minute mark)
rest
mouthpiece in & nose clip
RMR measure (25-30 minute mark)
rest (mouthpiece in & nose-clip)
RMR measure (40-45 minute mark)
rest (noseclip off)
mouthpiece in & nose clip
RMR measure (60-75 mintue mark)
transition to treadmill & restroom break
warm-up at 50% VO2max
begin exercise at 60% VO2max & begin RER measure
continue RER measure (10-15 minute mark)
continue exercise at 60% VO2max + RER measure
continue RER measure (25-30 minute mark)
continue exercise at 60% VO2max + RER measure
cool down at 50% VO2max - mouthpiece out/noseclip off
return to seated position + mouthpiece back in
RMR measure
testing complete
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Appendix 9: IRB Modification Approval
April 13, 2012
MEMORANDUM
TO:

Ashley Binns
Michelle Gray

FROM:

Ro Windwalker
IRB Coordinator

RE:

PROJECT MODIFICATION

IRB Protocol #:

11-11-229

Protocol Title:

The Interaction Between the Thermic Effect of Food and Varying
Exercise Intensities on Total Energy Expenditure in Moderately
Active Females

Review Type:
Approved Project Period:

EXEMPT

EXPEDITED

FULL IRB

Start Date: 04/13/2012 Expiration Date: 12/08/2012

Your request to modify the referenced protocol has been approved by the IRB. This protocol is
currently approved for 30 total participants. If you wish to make any further modifications in
the approved protocol, including enrolling more than this number, you must seek approval prior
to implementing those changes. All modifications should be requested in writing (email is
acceptable) and must provide sufficient detail to assess the impact of the change.
Please note that this approval does not extend the Approved Project Period. Should you wish to
extend your project beyond the current expiration date, you must submit a request for
continuation using the UAF IRB form “Continuing Review for IRB Approved Projects.” The
request should be sent to the IRB Coordinator, 210 Administration.
For protocols requiring FULL IRB review, please submit your request at least one month prior to
the current expiration date. (High-risk protocols may require even more time for approval.) For
protocols requiring an EXPEDITED or EXEMPT review, submit your request at least two weeks
prior to the current expiration date. Failure to obtain approval for a continuation on or prior to
the currently approved expiration date will result in termination of the protocol and you will be
required to submit a new protocol to the IRB before continuing the project. Data collected past
the protocol expiration date may need to be eliminated from the dataset should you wish to
publish. Only data collected under a currently approved protocol can be certified by the IRB for
any purpose.
If you have questions or need any assistance from the IRB, please contact me at 210 Administration
Building, 5-2208, or irb@uark.edu.
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Figure 1. Experimental Design
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Figure 2. Electrode Placement
73

Tables
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Table 1: Meal Macronutrient Composition
Table 1
High Protein Meal Composition
Macronutrient

Protein
powder
(68 g)

Whole milk
(16 oz.)

Greek
yogurt
(225 g)

Fat
Carbohydrate
Protein

3.5g
8g
52g

16g
22g
16g

0g
9g
22.5g

Reducedfat peanut
butter (18
g)
16.5g
7g
4g

Total
(g)

Total
Calories
(kcal)

Total kcal
percentage
(%)

27g
46g
94.5g

243
184
378

30.19%
22.86%
46.96%

Total
(g)

Total
Calories
(kcal)

Total kcal
percentage
(%)

24.25g
114g
32g

218.5
456
128

27.2%
56.84%
15.96%

Low Protein Meal Composition
Macronutrient

Oatmeal
(120g)

2% milk
(20 oz.)

Wheat
bread
(1 slice)

Fat
Carbohydrate
Protein

7.5g
81g
15g

12.5g
16.5g
12g

1g
13g
3g

Reducedfat peanut
butter
(9 g)
3.25g
3.5g
2g
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Table 2: Bruce Treadmill Protocol
Table 2
Standard Bruce Treadmill Protocol
Standard Bruce Treadmill Protocol (VO2max Test)
Time Period (min)
Stage
Speed (mph)
0:00-3:00
1
1.7
3:00-6:00
2
2.5
6:00-9:00
3
3.4
9:00-12:00
4
4.2
12:00-15:00
5
5
15:00-18:00
6
5.5
18:00-21:00
7
6

Grade (%)
10
12
14
16
18
20
22
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Table 3: Descriptive Statistics for All Participants
Table 3
Descriptive Statistics for All Participants
Measure
Age a
Height b
Weight c
BMI d
LM e
FM e
VO2max f
60% VO2max f

Min
19.0
155
48.0
18.5
59.0
22.0
30.0
18.0

Max
24
172
70
25
78
41
49
30

M
21.90
162.9
58.70
21.95
70.20
29.80
40.10
24.10

SD
2.03
5.59
7.75
1.92
5.94
5.94
6.19
3.87

Note. Min = minimum value; Max = maximum value; M = mean; and SD = standard deviation.
a
Measured in years. b Measured in centimeters. c Measured in kilograms. d Measured in
kilograms per meter squared. e Measured in percent. f Measured in milliliters per kilogram per
minute.
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Table 4: Repeated Measures ANOVA Summary Table for Thermic Effect of Food
Table 4
Repeated Measures ANOVA Summary Table for Thermic Effect of Food
Measure
Time
Error

df
2
18

SS
5.703
.446

MS
2.851
.025

F
115.067

p
.000
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Table 5: Post-hoc Analysis for Thermic Effect of Food
Table 5
Post-Hoc Analysis for Thermic Effect of Food
Measure
TEFH-TEFL
TEFH-TEFF
TEFL-TEFF

n
10
10
10

M (SD)
0.323 (0.196)
1.043 (0.139)
0.720 (0.165)

95% CI
[.12, .53]
[.90, 1.2]
[.61, .84]

d
1.648
7.504
4.363

t
3.592
16.05
14.18

p
.006*
.000*
.000*

Note. TEFH-TEFL = TEF of the high protein meal compared to TEF of the low protein meal;
TEFH-TEFF = TEF of the high protein meal compared to TEF in the fasted state; TEFL – TEFF
= TEF of the low protein meal compared to TEF in the fasted state.
*p < .0167
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Table 6: Repeated Measures ANOVA Summary Table for Thermic Effect of Food with
Exercise
Table 6
Repeated Measures ANOVA Summary Table for Thermic Effect of Food with Exercise
Measure
Time
Error

df
2
18

SS
7.524
11.214

MS
3.762
.623

F
6.039

p
.010
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Table 7: Post-hoc Analysis for Thermic Effect of Food with Exercise
Table 7
Post-Hoc Analysis for Thermic Effect of Food with Exercise
Measure
TEFHe-TEFLe
TEFHe-TEFFe
TEFLe-TEFFe

n
10
10
10

M (SD)
0.458 (5.264)
1.215 (4.993)
0.756 (5.061)

95% CI
[-.15, 1.1]
[.37, 2.1]
[-.16, 1.7]

d
0.087
0.243
0.149

t
1.709
3.266
1.870

p
.122
.010*
.094

Note. TEFHe-TEFLe = TEF of the high protein meal with exercise compared to TEF of the low
protein meal with exercise; TEFHe-TEFFe = TEF of the high protein meal with exercise
compared to TEF in the fasted state with exercise; TEFLe – TEFFe = TEF of the low protein
meal with exercise compared to TEF in the fasted state with exercise.
*p < .0167

81

